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Abstract

It has been proposed that allergen provocation induces hyperalgesia but the involvement of immunoglobulin E and leukocytes
remains poorly understood. Here, we have compared the profile of allergen-evoked thermal hyperalgesic response in both passively
and actively sensitized rats, and investigated the role of leukocytes in allergen-evoked nociception. Wistar rats were passively sen-
sitized with an intraplantar injection of immunoglobulin E anti-dinitrophenylated bovine serum albumin monoclonal antibody
(0.5 pg/paw), and challenged with dinitrophenylated bovine serum albumin (0.5 pg/paw) 24 h later. Alternatively, the animals were
actively sensitized with a mixture of Al(OH); and ovalbumin and challenged intraplantarly with ovalbumin (12 pg/paw) 14 days
later. We found that the thermal hyperalgesic responses set in very rapidly and with comparable intensity in both passively and
actively sensitized rats. However, while in the former group the response was shorter, peaking within 1 h and reducing thereafter,
a marked plateau was observed from 1 to 6 h post-challenge in the latter group. Actively sensitized rats also had higher neutrophil
influx in the plantar tissue, as attested by both myeloperoxidase activity and histological analysis. Treatment of actively sensitized
rats with either fucoidin (10 mg/kg, i.v) or anti-rat neutrophil antiserum (i.p.) reduced neutrophil accumulation and the late hyper-
algesic response noted from 3 to 6 h post-challenge. Thus, we conclude that though immunoglobulin E-mediated mechanisms can
cause thermal hyperalgesia, components of the cellular immune reaction are crucial in order to amplify and sustain the immediate
hyperalgesic response triggered by allergen, in a process dependent on neutrophil recruitment.
© 2006 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Most of the symptoms of acute-phase allergic
reactions result from the rapid release of inflammatory
mediators following the allergen-evoked cross-linking
of immunoglobulin E (IgE) high-affinity receptors
expressed on the surface of mast cells (Corry and
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Kheradmand, 2006). It is well established that exposure
of the skin, nose, airways or intestinal tract of atopic
individuals to allergen challenge leads to inflammation
within minutes, causing both tissue damage and nerve
injury (Williams and Galli, 2000). One of the cardinal
features of the inflammatory state is that normally innoc-
uous stimuli produce pain (Kidd and Urban, 2001), but
there are doubts concerning the putative implication of
pain mechanisms in allergic conditions.

Little information is available on allergen-evoked
nociception. According to Van Arm, allergic lesions
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including urticarial wheals and passive cutaneous ana-
phylaxis are marked by the production of itch instead
of pain (Van Arman et al., 1968). Nevertheless, it has
been proposed that itching could indeed be a distinct
quality of nociception, also resulting from the stimulation
of nociceptors in the superficial layers of the skin (Heyer
and Hornstein, 1999). It is noteworthy that patients with
allergies show a higher psychoemotional response to pain
provocations when compared with patients without the
accompanying pathology (Stosh et al., 1991).

The ability of allergen challenge to induce hyperalge-
sia in sensitized rats has been investigated in recent stud-
ies. Findings show that a thermal hyperalgesic state is
present in the area of tissue damage created by allergen
challenge in IgE passively sensitized rats. The phenome-
non appears to be independent of the concomitant
oedematogenic response and critically mediated by the
synergistic interaction of vasoactive amines and brady-
kinin (Lavich et al., 2003). Studies revealed that allergen
challenge caused a dose- and time-dependent mechani-
cal hypersensitivity, which peaked within 3 h returning
to the baseline levels within 24 h, and that TNFa, pros-
taglandins, sympathetic amines and leukotriene (LT) B4
are crucially involved in allergic nociception in immu-
nized rats (Cunha et al., 2003).

Interactions between nerves and inflammatory cells
lead to a number of important physiological responses,
including pain, during inflammatory reactions (Brown,
1991; Fu and Gordon, 1997). It is well established that
immune cells release various algesic mediators, leading
to a state of priming and stimulation of nociceptors
(Levine et al., 1986; Taiwo and Levine, 1990, 1992).
We and others have reported that the allergen challenge
induced intense exudatory responses in rats and mice
passively sensitized with IgE, which were comparable
to those induced in immunized rodents, but failed to
mimic the magnitude of leukocyte recruitment (Lima
et al., 1997; Kaneko et al.,, 2000; Calheiros et al.,
2001). In this study, we aimed at investigating the puta-
tive implication of the IgE-mediated system in triggering
nociception as well as the potential involvement of leu-
kocytes in processing allergic hyperalgesia. Our findings
indicate that neutrophil infiltration into the focus of the
lesion distinguishes thermal hyperalgesic responses
evoked by allergen provocation in actively as compared
to IgE passively sensitized rats.

2. Material and methods
2.1. Animals

All experiments were performed in male Wistar rats, weigh-
ing between 180 and 220 g. The animals were obtained from
the breeding colony of the Oswaldo Cruz Foundation, Rio
de Janeiro, Brazil, housed in groups of five and maintained
on a 12-h light/dark cycle, with water and food ad libitum until

use. The Ethics Committee for Care and Use of Laboratory
Animals of Oswaldo Cruz Foundation approved the experi-
mental protocols used in this study (License no. 0085-02).

2.2. Allergy sensitization and hindpaw challenges

2.2.1. IgE sensitization

In the group of IgE sensitized rats, murine IgE anti-
dinitrophenylated (DNP-BSA) MAb (0.5 pg/paw, 100 pl)
and 0.9% NaCl (saline) (100 pl) were intraplantarly injected
into the left and right hindpaws, respectively. In another
group (sham-sensitized rats), 100 ul of saline was injected
into both left and right hindpaws. Sensitized and sham-sen-
sitized left paws were then challenged with an intraplantar
injection of allergen (DNP-BSA, 0.5 ug/paw) 24 h later,
whereas contralateral paws were injected with vehicle (sal-
ine, 100 pl).

2.2.2. Active sensitization

In another experimental set, rats were immunized by a sub-
cutaneous injection of ovalbumin (50 ug/0.2 ml) dissolved in
an emulsion containing 5 mg of Al(OH)z;, and the volume
was completed with sterile saline. After 14 days the animals
were challenged with ovalbumin (12 pg/paw) in the left paw,
while the right paw was injected with vehicle (sterile saline,
100 ul). Two negative control groups were used: (i) first, there
were sham-sensitized rats subjected to the same scheme of
plantar provocations, in which sterile saline solution replaced
ovalbumin in the AI(OH); suspension; (ii) second, there were
sham-challenged rats in which challenge with ovalbumin was
replaced by challenge with saline.

2.3. Algesimetric assay

Thermal hyperalgesic response was evaluated as previously
described (Lavich et al., 2005). Briefly, animals were individ-
ually placed on a hot plate (Eddy’s Hot Plate) with the tem-
perature adjusted to 51°C and the withdrawal response
latency of each hind paw determined at 15, 60, 180 and
360 min after allergen challenge. The heat source was main-
tained at constant intensity, which caused a stable withdrawal
latency of approximately 8-10s in sham-challenged paws.
The animals were only tested in one series of measurements,
and the typical responses were hind paw shaking and/or
lifting. The latency to the response was manually recorded
with a chronometer. The experiments were performed in a
sound-attenuated and air-conditioned (20-22°C) room.
Hyperalgesia to heat was defined as a decrease in withdrawal
latency and calculated as follows: A paw withdrawal latency
(s) =right paw withdrawal latency — left paw withdrawal
latency.

2.4. Measurement of myeloperoxidase activity

Neutrophil recruitment into the rat paw was indirectly
assessed by measurement of neutrophil myeloperoxidase
(MPO) activity. Animals were killed in a CO, atmosphere
and the subcutaneous tissue of the paws was removed, weight-
ed and homogenized at 5% in a PBS solution containing 5 mM
EDTA and 0.5% hexadecyltrimethyl ammonium bromide
(HTAB). Samples were then centrifuged at 9000g for 15 min
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at 4°C and the supernatant evaluated for myeloperoxidase
activity. Enzymatic reaction was assessed as previously
described (Bradley et al., 1982). The following reagents were
added to wells of 96-well microtiter plate: 50 ul of PBS solution
containing EDTA (5mM) and HTAB (0.5%), 50 pl of the
supernatant, 50 ul o-dianisidine (0.68 mg/ml in distilled water)
and 50 pl of freshly prepared 0.003% hydrogen peroxide to
start the reaction. Absorbance was measured at 460 nm in
plate reading (Versa Max — Molecular Device, Sunnyvale,
CA, USA) and results expressed in optical density (OD).

2.5. Histopathology and neutrophil enumeration

After killing the animals in a CO, atmosphere, the subcuta-
neous tissue of the paws was removed and fixed in Carson-
Millonig phosphate-buffered 4% formaldehyde fixative (Herre-
ra, 1992). Routine histological techniques were used to paraf-
fin-embed the entire tissue, which was sectioned at 5 pm and
stained with H&E. The tissue sections were examined with an
Olympus B201 microscope to check the presence of inflamma-
tory infiltrates at 60, 180 and 360 min after allergen challenge.
To assess the number of neutrophils in tissue, each section
was evaluated at 1000 magnification on optical microscope
and the cells were counted in fifty fields. The mean value of
the fifty areas was taken as representative of the whole section.

2.6. Treatments

Sensitized animals were treated with the selectin inhibitor
fucoidin (10 mg/kg) administered by intravenous injection
15 min before allergen challenge. Fucoidin was dissolved in
sterile saline. Neutrophil depletion was performed by adminis-
tration of a rabbit anti-rat neutrophil antiserum (2 ml/kg, i.p.),
18 h prior to the allergen challenge (Bennett et al., 1998). In
control groups, animals were treated with sterile saline and
rabbit normal serum, respectively.

2.7. Material

IgE anti-DNP-BSA was kindly donated by Dr. Anne Prov-
oust Danon (Institut Pasteur, Franga). DNP-BSA, OVA,
fucoidin, EDTA, hexadecyltrimethyl ammonium bromide
(HTAB) and o-dianisidine were purchased from Sigma Chem-
ical Company (St. Louis, MO, USA). Anti-neutrophil antise-
rum was purchased from Accurate Chemicals, USA.

2.8. Statistical analysis

All results were given as means + standard error of the
mean and statistically analyzed by one-way analysis of vari-
ance (ANOVA), followed by Newman-Keuls Student’s z-test.
P values of 0.05 or less were considered significant.

3. Results

3.1. Kinetics of the hyperalgesic response following
allergen provocation of actively and IgE passively
sensitized rats

Kinetics of the development of allergen-evoked ther-
mal hyperalgesia is illustrated in Fig. 1. The thermal
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Fig. 1. Kinetics of thermal hyperalgesia induced by ovalbumin (12
pg/paw) and DNP-BSA (0.5 pg/cavity) in actively (unfilled square) and
IgE passively sensitized rats (unfilled circle), respectively. In the
negative control groups, ovalbumin and DNP-BSA were injected
intraplantarly in rats sensitized with a mixture of Al(OH); + saline
(filled square) and saline (filled circle) (sham sensitized animals),
respectively. Results are expressed as means + SEM from at least six
animals. *P < 0.05 as compared to the respective sham sensitized

group.

response set in very rapidly peaking from 15 to 60 min
after antigen provocation both in passively and actively
sensitized rats. However, the duration of allergen-
evoked hyperalgesia under such conditions was clearly
distinct. While in actively sensitized rats the hyperalgesic
response was kept almost intact for at least 360 min
post-challenge, remaining still elevated for at least
720 min, it reduced within 180 min and became unap-
parent within 360 min in IgE passively sensitized rats.

3.2. Extent and time-course of leukocyte infiltration

As compared to saline-injected paws (Fig. 2D), a mild
leukocyte infiltration was noted 60 min after allergen
provocation both in IgE passively sensitized rats
(Fig. 2A) and in actively sensitized rats (Fig. 2E). As
shown in Figs. 2F and G, there was a progressive
increase in the leukocyte numbers at 180 and 360 min
after allergen challenge in actively sensitized rats. When
the histological analysis was performed under higher
magnification (with the aid of oil immersion lens), we
observed that the leukocyte infiltrate was marked by
the presence of mononuclear cells and neutrophils
(Fig. 2H). In addition, the analyses revealed that the leu-
kocyte infiltration noted in passively sensitized rats
appeared significantly less intense (Figs. 2B and C),
compared with that infiltration noted in actively sensi-
tized animals at 180 and 360 min post-challenge.

We have also measured neutrophil infiltration into
the plantar tissue by measurement of myeloperoxidase
(MPO). The results in Fig. 3 show that, compared to
what was observed in sham-challenged control animals,
the MPO activity in paw extracts of actively sensitized
rats was 10- and 11-fold increased at 180 and 360 min
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Fig. 2. Histologic analysis of plantar sections from IgE passively sensitized rats (A-C) and actively sensitized rats (E-H) challenged with DNP-BSA
and ovalbumin, respectively. In time-points ranging from 60 to 180 min following antigen challenge, plantar skin tissues were removed and fixed with
formaldehyde overnight. Representative 5-um sections of hind paw skin tissue were stained with hematoxylin and eosin and examined by means of
light microscopy. (A, B and C) Representative plantar skin sections (200x) from IgE passively sensitized rats 60, 180 and 360 min after DNP-BSA
provocation, respectively. (E, F and G) Representative plantar skin sections (200x) from actively sensitized rats 60, 180 and 360 min after ovalbumin
provocation, respectively. (D) A representative plantar skin section (200x) from an IgE passively sensitized rat challenged with saline 360 min post-
challenge. (H) A representative plantar skin section (analysis under oil immersion, 1000x) from an actively sensitized rat 360 min after ovalbumin
challenge, in which perivascular and intravascular leukocyte accumulations are evident, mainly neutrophils (arrows) and mononuclear cells (arrow

heads).

after allergen challenge, respectively. Similar experi-
ments performed in IgE passively sensitized rats
revealed increases of no more than 5-fold for the plantar
MPO activity at the same time-points.

3.3. Effect of neutrophil depletion on allergen-evoked
sustained hyperalgesia

In attempting to evaluate the putative role of neutro-
phils in allergen-evoked sustained hyperalgesia, experi-
ments were carried out in which circulating neutrophils
were depleted with a rabbit anti-rat neutrophil antise-

rum. The efficacy of the anti-neutrophil antiserum in
actively sensitized rats is shown in Fig. 4. Treatment
with the serum led to marked reduction in the number
of neutrophils in the focus of the lesion, as attested by
measurement of MPO activity in paw extract samples
360 min post-challenge (Fig. 4A). By comparison, treat-
ment with the normal serum had no effect on allergen-
evoked neutrophil recruitment as shown in the same fig-
ures. Of note, prior treatment of rats with the rabbit
anti-rat neutrophil antiserum clearly inhibited allergen-
evoked thermal hyperalgesia noted 180 and 360 min
after allergen provocation as shown in Fig. 4B.
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Fig. 3. MPO activity of extracts from allergen challenged rat hind paws, under conditions of active and passive IgE sensitization. MPO activity is
shown for samples taken 60 min (A), 180 min (B), and 360 min (C) after either intraplantar injection of saline (left hatched and right hatched columns
for active and passive sensitization, respectively) or allergen (open and closed columns for passive and active sensitization, respectively). Values are
means + SEM from at least six animals. *P < 0.05 as compared to the respective control (saline) injected rats. *P < 0.05 as compared to the

respective IgE passively sensitized rats.
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Fig. 4. (A) Effect of treatment with rabbit anti-rat neutrophil
antiserum (closed column) or irrelevant antiserum (open column) on
MPO activity of rat hind paw extracts from actively sensitized rats
360 min post-allergen challenge. Left hatched column represents values
from actively sensitized rats challenged with saline. (B) Effect of
treatment with rabbit anti-rat neutrophil antiserum (filled square) or
irrelevant antiserum (unfilled square) on allergen-evoked hyperalgesia
in actively sensitized rats. Negative control group was constituted by
actively sensitized rats challenged with saline (filled circles). Values are
means + SEM from at least six animals. *P <0.05 as compared to
saline stimulated rats. TP <0.05 as compared to rats treated with
rabbit anti-rat neutrophil antiserum.

3.4. Effect of fucoidin on allergen-evoked neutrophil

recruitment and hiperalgesia

Experiments were also carried out in which the ani-
mals were treated intravenously with the selectin inhib-

itor fucoidin (10 mg/kg) in order to investigate whether
blockade of neutrophil transendothelial migration
would bring consequence to allergen-evoked thermal
hyperalgesia. Histological analysis revealed that fucoi-
din significantly inhibited neutrophil influx into the
plantar area 360 min following provocation of actively
sensitized rats with ovalbumin as revealed by the enu-
meration of these cells in the focus of lesion (Fig. 5A).
Furthermore, measurements of MPO activity in plantar
extracts confirmed that the fucoidin treatment inhibited
the neutrophil recruitment at 180 and 360 min post-
challenge (Fig. 5B). Similar to what was observed fol-
lowing antiserum-induced neutrophil depletion, the
fucoidin-induced blockade of neutrophil infiltration
did not alter the allergen-evoked thermal hyperalgesia
noted within 60 min, but significantly reduced the phe-
nomenon at 180 and 360 min after allergen challenge
(Fig. 5C).

3.5. Evaluation of the putative role of neutrophils in
allergen-evoked hyperalgesia under conditions of IgE
passive sensitization

As illustrated in Fig. 6, differently from to what was
seen in the case of actively sensitized rats, those subjected
to IgE passive sensitization showed a profile of allergen-
evoked hyperalgesia clearly resistant to the depletion of
circulating neutrophils or blockade of tissue neutrophil
accumulation, as demonstrated by the anti-neutrophil
antiserum and fucoidin treatments, respectively.

4. Discussion

Although the role of IgE in the immediate phase of
the allergic reaction is well established (Poole and
Rosenwasser, 2005), the potential involvement of this
immunoglobulin in the mechanism of tissue cellular
recruitment and nociception remains poorly under-
stood. The principal result of this study is that the state
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Fig. 5. (A) Neutrophil counts in plantar skin sections obtained
360 min after ovalbumin provocation in actively sensitized rats
pretreated with fucoidin (10 mg/kg, i.v.) (closed column) or saline
(i.v.) (open column). The negative control group consisted of actively
sensitized rats injected with saline (hatched column). (B) Effect of
fucoidin (10 mg/kg, i.v) on MPO activity measured in plantar extracts
from actively sensitized rats within 180 and 360 min post-challenge
(closed columns) as compared to sensitized and ovalbumin challenged
rats pretreated intravenously with saline (open columns). (C) Effect of
treatment with fucoidin (10 mg/kg, i.v.) (filled squares) or vehicle
(unfilled squares) on allergen-evoked hyperalgesia in actively sensitized
rats. The negative control group consisted of actively sensitized rats
challenged with saline (filled circles). Values are shown as mean-
s + SEM from at least six animals. P < 0.05 as compared to fucoidin-
treated animals. © P < 0.05 as compared to the negative control group.

of plantar thermal hyperalgesia created by allergen
provocation lasts longer in actively sensitized rats when
compared to that noted in IgE passively sensitized rats.
Of note, significantly higher levels of neutrophils were
attracted into the focus of allergen-evoked inflammation
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Fig. 6. Effect of treatment with rabbit anti-rat neutrophil antiserum
(filled square), irrelevant antiserum (unfilled squares) and fucoidin
(10 mg/kg) (filled triangles) on allergen-evoked hyperalgesia in IgE
passively sensitized rats. The negative control group consisted of IgE
passively sensitized rats challenged with saline (filled circles). Values
are means + SEM from at least six animals. *P < 0.05 as compared to
saline stimulated rats.

in animals with sustained hyperalgesic response. Results
showing that the long lasting hyperalgesic response were
impaired by blockade of neutrophil recruitment or sys-
temic neutrophil depletion support the interpretation
that components of the cellular immune reaction are
crucial to amplify and sustain the immediate [gE-depen-
dent hyperalgesic response triggered by allergen, in a
process in which the subsequent recruitment of neutro-
phils seems to be pivotal.

Since the mechanisms implicated in the processing of
nociception vary and are certainly a reflection of the
type of stimulus applied (Julius and Basbaum, 2001),
our motivation was to dissect the role of IgE-mediated
mechanisms and putative participation of leukocytes in
the processing of allergen-evoked nociception. In this
study, allergen injected into the rat hind paws was the
model chosen to assess thermal hyperalgesia in animals
subjected to active sensitization in comparison with
those passively sensitized by the adoptive transfer of
an anti-DNP IgE monoclonal antibody. Our group
has reported that local thermal hyperalgesia is indeed
a feature of allergen-evoked inflammation and that a
synergistic interaction among bradykinin, 5-hydroxy-
tryptamine and histamine is deeply implicated in this
phenomenon (Lavich et al., 2003). Nevertheless, aller-
gen-induced inflammation has been shown to be much
more complex in actively sensitized animals than in
IgE passively sensitized ones, concerning the magnitude
of leukocyte infiltration and duration of response
(Sorkness et al., 1988, 1990; Lima et al., 1997).

Cutaneous and other forms of allergic responses are
marked by early and late phase reaction (Poole and
Rosenwasser, 2005). The former, apparent within min-
utes, is usually associated with a massive release of mast
cell derived mediators, including vasoative amines, lipid
mediators and cytokines, and resulting in vascular per-
meability increase and tissue swelling. The latter, appar-

d0i:10.1016/j.pain.2006.08.006

Please cite this article as: Tatiana Ramos Lavich et al., Neutrophil infiltration is implicated in the sustained ..., Pain (2006),




T.R. Lavich et al. | Pain xxx (2006) xxx—xxx 7

ent within hours, is characteristically prolonged and fol-
lowed by persistent swelling and leukocyte recruitment.
Active sensitization performed with the help of alumin-
ium hydroxide as adjuvant favors IgE synthesis (Lima
et al., 1997). However, there are many reasons to believe
that other mechanisms, in addition to those mediated by
IgE, are implicated in the evolution from an early to a
late phase reaction, and that inflammatory cells are piv-
otal in the amplification and sustainability of the late
phase response. We demonstrated here that both active
and IgE passively sensitized rats reacted with a rapid
and comparable thermal hyperalgesic response follow-
ing antigen provocation. Nevertheless, the hyperalgesia
is longer-lasting in the actively sensitized group. One
putative explanation for these data is that the active sen-
sitization, though effective in stimulating IgE production
as reported (Lima et al., 1997), may also have other
independent immunologic properties driving the tissue
to a state of prolonged hyperalgesia.

Accumulation of neutrophils in the tissue during
inflammation is a common event in acute, non-immuno-
logical states and in various immunological inflammato-
ry reactions (Sedgwick et al., 1985). In addition, the
crucial role of neutrophils in processing pain mecha-
nisms and hyperalgesia has been demonstrated in
several inflammatory states, including nerve injury,
rheumatoid arthritis and nerve growth factor-evoked
inflammation (Bennett et al., 1998; Schuligoi, 1998; Per-
kins and Tracey, 2000; Bombini et al., 2004). Several
studies suggest that the presence of neutrophils in these
settings is accounted for by an endogenous release of
chemotactic cytokines, like IL-8 and IL-6 (Ordonez
et al., 2000; Alexis et al., 2002; Bochenska-Marciniak
et al., 2003; Cunha et al., 2003). Moreover, the involve-
ment of these cytokines in hyperalgesic environments
provided by stimuli such as carrageenin, LPS and aller-
gen has also been reported (Ferreira, 1993; Lorenzetti
et al., 2002; Cunha et al., 2003). In the present condi-
tions, the number of neutrophils recruited from 180 to
360 min after allergen provocation into paws under
passive sensitization appeared increased as revealed by
tissue MPO activity values, but this increase was
significantly lower compared to that noted following
active sensitization. These results are in line with prior
studies reporting that, in comparison with actively
sensitized rats, IgE passively sensitized animals respond
to allergen provocation with mild polymorphonuclear
cell mobilization at sites such as pleural cavity (Lima
et al., 1997) and lung airways (Sorkness et al., 1988,
1990). These findings support the interpretation that,
in addition to the IgE-mediated system, other mecha-
nisms, notably those involving activation of CD4" T
cells of the Ty2 phenotype (Caramori et al., 2004), play
an important role in up-regulating leukocyte recruit-
ment in allergic conditions.

While trying to define the role of neutrophil infiltra-
tion in allergen-evoked hyperalgesia, we decided to
deplete the neutrophils by treating actively and IgE pas-
sively sensitized rats with a rabbit anti-rat neutrophil
antiserum, using a previously reported protocol (Ben-
nett et al., 1998). Our findings revealed that in contrast
to what was observed in animals treated with normal
serum, those treated with anti-rat neutrophil antiserum
failed to sustain the allergen-evoked hyperalgesic
response in its late phase. The pattern of installation
of the process remained unaltered but there was a
marked shortening of hyperalgesia in actively sensitized
rats depleted of neutrophils. In line with these findings,
we demonstrated the capacity of the selectin inhibitor
fucoidin to inhibit neutrophil accumulation as well as
the late hyperalgesic response, adding support to the
interpretation that neutrophil-mediated mechanisms
may indeed be operative in the sustaining phase of the
allergic nociceptive process in actively sensitized rats.
Thus, neutrophil infiltration seems to influence the dura-
tion of allergic thermal hyperalgesia, rather than simply
function as an epiphenomenon in this setting.

Of note, MPO levels were still significantly elevated at
360 min after allergen provocation in passively sensi-
tised rats, at a time when hyperalgesia was unapparent
in that group. Furthermore, allergen-evoked hyperalge-
sia in IgE passively sensitized rats remained unaltered
following treatment with either anti-neutrophil antise-
rum or fucoidin. These findings seem to indicate that
the neutrophil infiltration might be necessary but not
sufficient to cause hyperalgesia, and so an appropriate
activation of these cells in the focus of the lesion would
appear to be required. Experiments are now underway
in order to clarify better this point.

In conclusion, our findings suggest that the [gE-medi-
ated mechanism alone may account for the installation of
thermal hyperalgesia, but not for the sustained hyperalge-
sic response that characterizes the allergic inflammatory
reaction observed in actively sensitized rats. Our findings
also provide evidence of the crucial involvement of neu-
trophils in processing the late but not the early phase of
the nociceptive process, indicating that allergen-evoked
hyperalgesia in actively sensitized rats results from a com-
bination of IgE- and neutrophil-mediated mechanisms.
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